Hospital-acquired infections (HAIs) harm hospitalized patients and reduce the value of care. Central line-associated bloodstream infections (CLABSIs) are common types of HAIs that are associated with particularly high morbidity and cost. 1, 2 The Joint Commission defines CLABSI as "a primary bloodstream infection (that is, there is no apparent infection at another site) that develops in a patient with a central line in place within the 48-hour period before onset of the bloodstream infection that is not related to infection at another site." 3 Published estimates of attributable costs of CLABSI in adult patients have varied over years and across hospital settings, 4, 5 with 2010 estimates of $50 094 per event from 1 tertiary care, academic medical center. 6 A pediatric study found an attributable 2008 dollar cost of $33 039 per CLABSI in a sample of 22 critically ill children. 7 Quality improvement collaboratives, largely based in ICUs, have demonstrated that most CLABSIs are preventable. Michigan' s Keystone ICU project achieved and sustained a 60% reduction in CLABSI rates in adult ICUs, resulting in 1500 lives saved and $200 million in health cost savings over 18 months. 8, 9 A 43% reduction was subsequently achieved by a pediatric ICU quality improvement collaborative. 10 Several government initiatives are intended to reduce the rate of HAIs, including CLABSIs. The Department of Health and Human Services oversees 2 of these initiatives: the 2009 HHS Action Plan to Prevent Healthcare-Associated Infections 11 and the 2011 Partnership for Patients. 12 These initiatives enlist voluntary participation from providers and hospitals. In addition, government legislation disallowing Medicare (2008) and Medicaid (2012) reimbursement for low-quality care (eg, the costs associated with hospital-acquired CLABSI) is intended to support the high-value objective. Although several studies have found little impact of nonpayment on quality improvement, 13, 14 the use of nonpayment as a policy tool to deter low quality suggests that the excess costs associated with the occurrence of a provider-induced injury or illness are sufficiently high to provide incentives against HAI.
Despite government initiatives to promote the adoption of best-evidence practices to reduce HAIs, the variability of HAI rates across hospitals remains high. 10 Hospitals that do not participate in quality improvement collaboratives to reduce HAIs may be unable to replicate the successes of those identified in the literature due to resource, or other, constraints. Missing from the literature are up-to-date, hospital-wide, and nationally representative attributable costs and length of stay (LOS) estimates for the burden of pediatric CLABSI. Understanding the business case for pediatric CLABSI reduction will help hospitals justify needed resources.
We aimed to determine the costs and LOS burden attributable to pediatric CLABSI from 2008 to 2011. Over this period, CLABSI-prevention practices, including those effectively demonstrated in Michigan' s Keystone ICU project, should have been widely translated and adopted. In addition, we explored patient-level characteristics associated with pediatric CLABSI. We hypothesized that as adoption continued to spread across hospitals, CLABSI rates would continue to decline between 2008 and 2011, but attributable costs and LOS of pediatric CLABSI, as with adult inpatient populations, [15] [16] [17] [18] would still be substantial and sufficient to target more widespread and intensive CLABSI-prevention initiatives and cost-effective management strategies to support high-value care delivery.
METHODS

Data Source
Data were obtained from annual 2008 to 2011 Nationwide Inpatient Sample (NIS) databases from the Healthcare Cost and Utilization Project (HCUP) sponsored by the Agency for Healthcare Research and Quality (AHRQ). The NIS contains complete inpatient discharge information for a representative sample of ∼20% of US community hospitals each year. Discharge-and hospitallevel weights allow for national estimates of event frequency. 19 
Inclusion and Exclusion Criteria
The study sample consisted of all discharge records for children ,18 years of age who met criteria for inclusion in the calculation of the pediatric quality indicator (PDI) rate for CLABSI. 20 These criteria excluded all discharges in which the principal diagnosis was CLABSI, as these were likely non-hospital-acquired CLABSI or CLABSI that was the result of a previous hospital stay. Per AHRQ PDI methods, healthy newborns, neonates with birth weight ,500 g, visits with an LOS ,2 days, and pregnancy-related visits were excluded. We further excluded discharges with missing age, gender, or principal diagnosis.
We focused on overall cost and LOS for a complete hospital episode of care; hence, we also excluded all discharges that indicated that the patient died in hospital or transferred in from, or out to, another hospital. We restricted the analysis to discharge records with nonmissing costs and LOS (.99%).
Main Outcomes
Estimated inpatient costs and actual LOS were the main outcomes studied. We converted inpatient charges to estimated standardized costs using costto-charge ratio files obtained from HCUP for better comparability because charges poorly represent resource use and vary widely across hospitals. Estimates of hospital inpatient costs and LOS were obtained after adjusting for patient-mix covariates (discharge year, age, gender, race/ethnicity, and insurance status) in all statistical models. AHRQ' s PDI SAS program that identifies CLABSI events recodes missing race/ ethnicity values as "Other" for hospitals and states that do not record these data. We also re-categorized Asian or Pacific Islander and Native American children as "Other" because of small category numbers. Insurance status includes categories in which the primary payer is private, Medicaid, uninsured (self-pay), and other. The constructed "Other" insurance category includes discharges covered by Medicare, explicitly listed as no charge or other, and missing.
To account for severity and medical complexity of patients, we derived a propensity score for acquiring a CLABSI using logistic regression where CLABSI (yes/no) was the dependent variable and age, gender, race/ethnicity, insurance status, year of discharge, and dichotomous indicators of clinical classification software (CCS) diagnoses were the covariates. 22 CCS is a software tool that aggregates ICD-9-CM diagnoses codes into higher levels of clinical classifications. A single-level CCS classification is included on the NIS for each diagnosis that is listed on the discharge record. For each CCS classification, we created a dichotomous variable (coded as 1 if the classification was listed on the NIS discharge record, 0 otherwise). We included 262 dichotomous non-E-code related CCS covariates in the logistic regression model predicting risk of CLABSI. We did not include the CCS category that included the CLABSI diagnosis.
Statistical Analyses
In the descriptive analysis, we calculated the weighted incidence and rate of CLABSI by patient characteristic categories. Based on a logistic regression in which CLABSI status is regressed on patient characteristics and dichotomous clinical classifications, we also present the adjusted odds ratios (with 95% confidence intervals) for CLABSI by comparing patient characteristics across categories and the median (with interquartile range) adjusted propensity scores. To demonstrate that certain clinical classifications are highly predictive of CLABSI, we present the 10 most significant with an incidence of at least 10 in the study population.
Each CLABSI case was matched with 2 controls (no CLABSI) by age group, year, and propensity score by using a greedy matching algorithm. 23 We successfully matched 2 controls for 1339 (98.6%) of 1358 CLABSI cases. The 19 unmatched cases were uniquely characterized with multiple comorbid diagnoses and a very high risk for CLABSI. Of those matched, the mean relative percentage difference in propensity score between cases and controls was ,1.0% (data not shown). The matching of discharges with an indication of CLABSI to those without and by using an appropriate statistical analytical technique to account for the cost and LOS distributions reduce potential biases in least-squares means results.
A generalized linear mixed model (PROC GLIMMIX in SAS/STAT software) was used to estimate and compare costs and LOS between CLABSI cases and matched controls. A Gamma distribution with a log link function was used to model cost, whereas LOS was modeled by using a negative binomial distribution. The CLABSI (yes/no) indicator was the main predictor. Other covariates included age, gender, race/ethnicity, insurance, year, propensity score (to account for variability across the matched groups), and interactions for CLABSI by age, gender, race/ethnicity, insurance category, and year. Matching of case and controls was taken into account by introducing a random effect for the matching identifier. Leastsquares estimates and P values were obtained from the fitted models.
To evaluate the association between propensity score and resource use, we profiled estimated adjusted mean costs and LOS by CLABSI status within quintiles of increasing propensity score values. To achieve this, we substituted the continuous propensity score with the associated propensity score quintile variable in the case-control adjusted model and calculated the least squares means for costs and LOS by CLABSI status and propensity score quintile.
Descriptive analyses included population weights and hospital strata to account for the NIS sampling design. All analyses were performed by using SAS Enterprise Guide 4.3 (SAS Institute, Inc). All statistical tests were evaluated with a 2-sided 5% significance level.
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RESULTS
In the combined 4-year analytical dataset of children at risk for CLABSI, we analyzed 1 670 140 pediatric inpatient discharge records representing 8 215 758 population-weighted discharges. Hospital-acquired CLABSI was listed on 1358 discharge records, representing an estimated 6708 cases.
Pediatric CLABSI rates varied across age, gender, race/ethnicity, and insurance status (Table 1 ). Children aged 1 to 4 years, boys, African American children, and those with an insurance status of "Other" were disproportionately more likely to experience a CLABSI within each patient characteristic. In general, higher median propensity scores were associated with higher adjusted odds of acquiring a CLABSI. A notable exception is where African American children have a lower score than Hispanic children, but have higher adjusted odds and rate. A number of clinical classifications (many cancerrelated) reflective of the acuity of the condition and comorbidities are significantly associated with CLABSI. Consistent with high acuity and comorbidity, children with these conditions are a priori at higher risk for CLABSI and are more likely to experience CLABSI.
Across all categories of age, gender, race/ethnicity, insurance status, and year of discharge, the adjusted mean attributable cost and LOS difference for children acquiring a CLABSI was significantly higher (P , .05) than similar children not acquiring a CLABSI (Tables  2 and 3 Estimated LOS is obtained from a well-fit (P , .001) generalized linear mixed model regression with propensity score (P , .001), CLABSI status (P , .001), age (P , .001), CLABSI status by age (P , .001), race/ethnicity (P , .05), insurance status (P , .001), and year (P , .05) as significant predictors. Gender and CLABSI status by gender, race/ethnicity, insurance, and year interactions were also included in the model but not significant predictors of LOS. Table 4 presents mean adjusted cost and LOS estimates for discharges associated with each quintile of increasing propensity score. In general, estimated attributable costs and LOS differences do not increase uniformly as propensity score quintile increases; however, relative difference ratios are consistently higher in lower propensity score quintiles. Costs associated with inpatient stays for children with CLABSI are 3.73 times higher (relative difference ratio) for children in the lowest quintile than for children in the same propensity score percentile who do not acquire CLABSI. This ratio drops to 1.35 for children in the highest quintile. A similar trend is observed for LOS.
DISCUSSION
Our estimated cost and LOS differences attributable to pediatric CLABSI indicate that large potential cost savings associated with decreased CLABSI rates and better CLABSI care management exist. We estimated a mean attributable cost of $55 646 (Table 2 ) and increased LOS of 19 days.
Cost savings potential are greatest among children in lower propensity score quintiles. This is most evident viewing relative difference ratios. Hospitals may find it beneficial to target quality improvement efforts and vigilance toward understanding and implementing CLABSI prevention in lower quintiles of the propensity score distribution. Reducing CLABSI in children who would otherwise have short LOS not only saves more money, but also creates more turnover for revenuegenerating inpatient "first days" (assuming hospitals staff beds based on full census). 7 Along with prevention, we note potential saving in cost from the care management of CLABSI. There was a decrease in estimated cost of 11.8% ($111 852 in 2008 to $98 621 in 2011) of treating CLABSI but a negligible decrease in the cost of treating patients who do not acquire CLABSI over the same time.
Our findings identify 2 patient groups to flag for increased attention to CLABSI prevention vigilance: neonates and uninsured patients. Neonates and uninsured patients have low risk and low rates of CLABSI, but have high treatment cost and LOS when CLABSI is acquired. Likewise, strategies for improved management of these patients if they acquire CLABSI suggest potential cost savings. In addition, understanding the higher risk associated with 1-to 4-yearolds and targeting improvement initiatives toward this group may reduce the burden of CLABSI and have spillover effects to all patients at risk.
We found that CLABSI rates can be reduced, not only in ICU settings, as previously reported, but also in a nationally representative sample that includes children outside of the ICU who are at risk for CLABSI. We observed a 45% overall reduction in CLABSIs over our 4-year study (1.084 per 1000 in 2008 to 0.600 per 1000 in 2011), similar to the 43% reduction found in the largest pediatric improvement collaborative but below the 60% reduction attained in the Keystone ICU project. This decrease also suggests that significant reductions in CLABSIs are possible without participation in a quality improvement collaborative network or real-time infection data that were identified as potential sources for the success of the Keystone project. 24 On average, we found that a CLABSI cost $55 646 (in 2011 dollars) and prolonged LOS by 19 days. Differences in estimates between previous studies and ours are likely not only because of different populations and study years, but also because of different methods for matching patients with CLABSI to those who do not acquire CLABSI. The use of matching by propensity score allows for more precise comparison between patients where estimated differences in cost and LOS are due to CLABSI. To our knowledge, the only study to estimate cost of hospital-acquired bloodstream infections (a somewhat different event) by using a matched case-control methodology (by age, gender, and primary diagnosis on admission, but not Our study has limitations. NIS does not have central-line days, precluding our ability to identify the portion of decreased risk associated with decreased centralline days per discharge. We nonetheless believe that the reductions in CLABSI rates per discharge represent an important and meaningful rate for clinicians, researchers, and policymakers.
Conditions present on admission (POA) are represented in the HCUP NIS only beginning in the fourth quarter of 2008. Even after this, the recording of POA is not universal across hospitals and states. We attempted to control for CLABSI POA by excluding discharges where CLABSI was listed as a primary diagnosis and/or indicated the patient transferred in from another hospital setting. The possibility of misclassification in administrative data, particularly underidentification of CLABSIs through ICD-9-CM diagnosis codes, is an additional limitation. One study suggests this may be particularly important with estimates of neonatal CLABSI rate. 25 We limited the number of controls that were matched to each discharge case with a CLABSI to 2 to maximize the percentage of CLABSI cases matched to non-CLABSI controls. The 19 cases that were unmatched are mostly associated with very high risk for CLABSI and very high costs and LOS (data not shown).
Future research is needed to identify how (internal procedures, processes, and policies) many hospitals are succeeding in lowering pediatric CLABSI risk and incidence while others continue to struggle. A rigorous trend analysis will help identify the heterogeneity of CLABSI prevention and treatment management across hospitals. More specific research is also warranted to look at the types of procedures performed that lead to CLABSI and how the adoption of newer central line devices, and technology in general, affect CLABSI rates.
CONCLUSIONS
Ongoing payment reform initiatives across all payers, such as moving from fee-for-service to prospective payment, claim denial for poor-quality care (including hospital-acquired CLABSI), and bundled payment for episodes of care will shift more of the burden of attributable costs of CLABSI back to hospitals. We have demonstrated a business case for the adoption of best-evidence practices to prevent, and, when necessary, better manage pediatric CLABSI.
